Samples of bacteria and of protozoa were separated from the rumen fluids of sheep which had been fed four different types of ration. Amino acid analyses by ion-exchange chromatography were performed on hydrolysates of "whole protein" preparations of the microbial fractions.
I. INTRODUC'I'ION
In the feeding of ruminants, estimates of the quantity and quality of protein intake are complicated by the effects of microbial activity in the rumen. The mixture of proteins reaching the abomasum contains variable proportions of dietary and of microorganism proteins, the latter having been syllthesized in the rumen from nitrogen sources provided principally by the proteins and other nitrogenous compounds of the diet.
Evidence of the extent of this conversion and its significance has been reviewed by Chalmers and Synge (1954) and McDonald (1954) . The nutritive values of rumen bacterial proteins and rumen protozoal proteins have been examined in a number of feeding experiments with monogastric animals (see McNaught et al. 1954) , but little information of the quantitative amino acid composition of these microbial proteins is available. Holmes, Moir, and Underwood (1953) , using paper chromatography analysed bacterial preparations from the rumen fluids of "dry" and "green"-fed sheep. The microbiological analyses by Duncan et al. (1953) of hydrolysates of rumen digesta from calves also give an approximate picture of the partial amino acid composition of the microbial protein mixture, as the host animals had received an essentially protein free diet.
In the present investigations bacterial and protozoal fractions from the rumen liquids of sheep which had been fed four different types of ration were examined. Amino acid analyses of hydrolysates of "whole protein" preparations of the isolated microbial fractions were made by the Moore and Stein (1951) method of chromatography on "Dowex 50" ion-exchange resin columns.
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II. MATERIALS AND METHODS

(a) Collection of Rumen Liquids
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The following diets were fed to sheep for periods of at least 3 weeks prior to collecting rumen liquids:
Diet I. In the first three trials, samples of rumen liquid were withdrawn from two sheep through permanent fistulae 2 hr after offering fresh fodder. The fourth sample was obtained by filtering the rumen contents of three slaughtered animals through muslin gauze.
(b) Separation of Microbial Fractions
After filtering the rumen liquid through the fine muslin gauze it was centrifuged at low speed for the minimum time necessary to deposit all protozoa as determined by microscopic examination of the supernatant liquid. The protozoal sludge was washed free of bacteria by repeatedly resuspending in water and slow centrifuging until the washings were quite clear. Microscopic examination of the residue revealed almost complete freedom from contamination by either plant particles or bacteria. The combined supernatant liquids were diluted, filtered through No.1 Whatman paper, and the bulk of the bacteria deposited in a Sharples super centrifuge operating at 25,000 r.p.m. The product appeared almost free from plant material and protozoa. Whole proteins were prepared directly from the bacterial and the protozoal sludges using the modified method of Lugg and Weller (1944) .
The rumen fluid from the pasture-fed sheep contained a considerable quantity of plant material and a variation in procedure was necessary. On slow centrifuging a layer of dark green slime was deposited above the protozoal layer. The speed and time of centrifuging used in depositing the protozoa from the other rumen fluids was adopted, and the washing repeated until the green layer was no longer evident. Only the supernatant liquid from the initial centrifuging was used for the separation of bacteria.
In all of these separations emphasis was placed on obtaining relatively pure bacterial and protozoal fractions at the expense of quantitative yields and complete representative . samples. Only those bacteria free floating in the rumen fluid and large enough to be deposited in the Sharples centrifuge were included, and in the case of the samples from diet 4 there would have been considerable losses of the larger bacteria and smaller protozoa.
(c) Nitrogen Content of Preparations
The results of nitrogen determinations on the dry whole proteins by the Kjeldahl method are shown in Table 1 .
(d) Amino Acid Analyses
Samples of whole protein containing about 15 mg total nitrogen were refluxed for 24 hr with 100 ml of twice glass-distilled constant-boiling HCl. The hydrolysates were concentrated under reduced pressure at 40°C to a volume of 4 ml, diluted to 50 ml, and centrifuged. Aliquots containing 0·3 mg total nitrogen were taken for the chromatography of acidic plus neutral amino acids and 0·6 mg total nitrogen for the basic amino acids.
Following the procedure of Moore and Stein (1951) acidic and neutral amino acids were separated on a 100-cm column of 8 per cent. cross-linked "Dowex 50" resin and the basic amino acids on a 15-cm column. The procedure as outlined for the operation of the columns was followed in every detail except for the use of pH 3·33 citrate in the elution of acidic amino acids and the omission of detergent from all eluting buffers. For the determination of amino acids in the effluent fractions the photometric ninhydrin method of Moore and Stein (1948) was used, substituting ethanol for propanol in the diluent solution. The sequence of peaks in the elution curves corresponded with the pattern illustrated by Moore and Stein (1951) and the identity of the individual components was confirmed by the chromatography of pure amino acids.
A new type of fraction cutter* was used which consisted essentially of an automatically operated blowout pipette, silicone-coated internally. With this device, fraction sizes varied by less than 0·5 per cent. and the absence of intermixing between consecutive samples contributed to a high degree of resolution with even the difficultly separable amino acids. Compared with the Moore and Stein (1951) elution curve improved separation was obtained between isoleucine and leucine and between tyrosine and phenylalanine but proline was poorly separated from glutamic acid. For the determination of proline a separate sample of hydrolysate was chromatographed and proline estimated by the method of Chinard (1952) . With each of the bacterial hydrolysates a small peak, probably due to diaminopimelic acid, appeared immediately before the methionine peak but there was no other evidence of measurable quantities of ninhydrin-positive substances of doubtful identity with any of the microbial hydrolysates. The small amount of cystine present did not give an obvious peak and this amino acid was determined separately. A separate sample of whole protein was used and cystine oxidized to cysteic acid by the method of Schram, Moore, * The fraction cutter and turntable assembly were designed in this Laboratory by Mr. V. A. Stephen and a detailed description of the apparatus will be published elsewhere.
and Bigwood (1954) . After hydrolysis and elution through the 100-cm "Dowex 50" column, the cysteic acid yielded a sharp peak in a position where no ninhydrinpositive substance had been detected with the hydrolysate from the unoxidized sample.
The results expressing amino acid nitrogen as percentages of the total nitrogen of the humin-free hydrolysates are set out in Table 2 . The results have not been corrected for losses except in the case of glutamic acid where the 3 per cent. correction recommended by Moore and Stein (1951) 6·7  6·8  6·8  7·4  7·8  8·2  8·4  Threonine  3·5  3·6  3·6  3·8  3·1  3·4  3·5  3·7  Serine  2·8  2·5  2·8  3·0  2·6  3·0  3·2  3·1  Glutamic acid  6·6  7·0  7·5  6·9  7·9  8·3  8·7  8·4  Proline  2·8  2·1  2·4  2·2  1·9  2·9  2·1  2·2  Glycine  6·0  6·3  5·9  6·1  4·9  5·7  4·7  5·7  Alanine  6·5  6·5  6·4  6·5  4·1  4·6  4·1  4·1  Cystine  0·7  0·8  0·8  0·8  1·1  1-1  1·3  1·2  Valine  4·4  4·5  4·4  4·5  3·6  4·1  3·7  4·0  Methionine  1·5   i 1·5   1·5  1·5  1·0  1·4  1·4  1·4  Isoleucine  3·6   I 3·7   3·6  3·8  4·3  4·6  4·9  4·5  Leucine  4·5  4·6  4·7  4·6  5·0  5·7  5·3  5·2  Tyrosine  2·0  2·1  2·2  2·1  2·0  2·3  2·2  2·4  Phenylalanine  2·3  2·5  2·5  2·4  2·8  3·3  3·2  3·2  Histidine  3·0  2·6  2·6  2·8  2·6  3·4  2·9  3·1  Lysine  8·2  7·5  7·9   I   8·2  10·7  10·6  11·3  12·6  Arginine  9·1  8·6  9·3  9·3  8·1  10·0  8·4  9·3 made to translate the amino acid compositions of the hydrolysates to those of the original microbial proteins so that as far as the latter are concerned the values, particularly for serine, threonine, methionine, and arginine are probably low. The quantitative determination of tryptophan was not attempted.
III. DISCUSSION
The uniformity of the results for the bacterial hydrolysates indicates that for a wide range of types of diet the amino acid composition of the mixed bacterial proteins is almost constant. This amino acid pattern is similar to that found by Duncan et al. (1953) in the rumen digesta of calves fed rations in which the bulk of the dietary nitrogen was supplied by urea. This is shown in Table 3 together with a comparison of the bacterial and protozoal hydrolysates with published values for a range of herbage proteins. Although the basis for comparing such sets of values may be weakened by the differences in analytical techniques and probable differences in losses during hydrolysis it is evident that the mixture of bulk proteins of rumen bacteria has an amino acid distribution similar to that of the bulk protein of plant leaves. Thus it seems probable that for sheep consuming a normal herbage diet, the conversion of plant to bacterial protein in the rumen would not greatly affect the relative amounts of amino acids in the protein mixture which becomes available for digestion in the abomasum and intestines. Phenylalanine  2·3-2·5  2·8-3·3  1·7-2·1  3,3-3,6  Histidine  2·6-3·0  2·6-3·4  2·7-4·0  3·6-4·0t  Lysine  7,5-8,2  10·6-12·6  4·6-7·9  5·0--6·8t  Arginine  8·6-9·3  8·1-10·6  9·5-12·0 12'0-14'0t * Calculated from data of Duncan et al. (1953) .
t Data given by Lugg (1949) . The remaining values in this column are from the data of Kemble and Macpherson (1954) , with threonine and serine values uncorrected for hydrolysis losses.
The protozoal hydrolysates are of somewhat less uniform composition than the bacterial, possibly because of the smaller number of species represented in the mixture. In feeding trials with rats, McNaught et al. (1954) demonstrated a higher nutritive value for protozoal protein compared with bacterial in fractions of bovine rumen microorganisms and this might be explained in terms of amino acid distribution. There is evidence (Black, Kleiber, and Smith 1952 ) that the amino acids for which dairy cows are dependent on dietary and microbial protein are the ones considered essential for rats. Comparing the "essential" amino acids of the bacterial with the protozoal hydrolysates the more important differences are the higher values
